ABSTRACT Ticks were sampled at nine locations throughout North Dakota during early summer of 2010, using ßagging techniques and small mammals trapping. In total, 1,762 ticks were collected from eight of the nine locations. The dominant species were Dermacentor variabilis (Say) (82%), found throughout the state, and Ixodes scapularis Say (17%), found in northeastern counties. A few nymphal and adult I. scapularis tested positive for Borrelia burgdorferi (3%) and Anaplasma phagocytophilum (8%). This is the Þrst report of I. scapularis and associated pathogens occurring in North Dakota and provides evidence for continued westward expansion of this important vector tick species in the United States.
North Dakota represents a large sparsely populated region in the northern Great Plains of the United States. It is currently undergoing a rapid growth in population (7.6% increase from 2010 to 2013; www. census.gov) due to the application of new technologies (hydraulic fracturing) that permit efÞcient extraction of petrochemicals from underlying geological formations. The inßux of people into North Dakota fosters economic prosperity but also increases the number of people potentially exposed to vector-borne diseases. Since 2003, the northern plains region has experienced multiple epidemics of West Nile virus (www.diseasemaps.usgs.gov). However, the potential for human exposure to tick-borne diseases in North Dakota is largely unknown. There are few published surveys of ticks in the Dakotas (Easton 1983) . To remedy this, we conducted a statewide survey of ticks and tick-borne pathogens.
Materials and Methods
Nine counties throughout North Dakota, primarily wildlife management areas and state parks, were surveyed in the summer of 2010 ( Fig. 1 ; Table 1 ). Collection sites were visited once during each of the two collection trips; once in June and again in July. Questing ticks were obtained by ßagging and from donations by colleagues conducting unrelated outdoor activities (ϭpassive surveillance, Table 1 ). Feeding ticks were obtained by trapping small mammals with Sherman live traps and removing attached ticks. All ticks were placed in 70% ethanol, returned to the laboratory, and identiÞed to species, sex, and lifestage (Clifford et al. 1961 , Keirans and Litwak 1989 , Durden and Keirans 1996 . Adults, nymphs, and engorged larvae were bisected longitudinally and DNA was extracted using guanidine thiocyanate (Tkach and Pawlowski 1999). Ticks were screened for pathogens by polymerase chain reaction (PCR) and sequencing technologies using previously published primers (Table 2) . Ixodes scapularis Say ticks were screened individually for Borrelia burgdorferi, Anaplasma phagocytophilum, and Babesia microti DNA. Dermacentor variabilis (Say) ticks were screened in pools of 1Ð12 ticks each for spotted fever group Rickettsia DNA. PCR-positive samples were sequenced using an ABI PRIMS 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA). Sequences were trimmed using BioEdit software (North Carolina State University) and compared with sequences in the NCBI database. Data analyses were conducted using Microsoft Excel 2010 (Microsoft Corp., Redmond, WA) and Statistix 9 (Analytical Software, Tallahassee, FL).
Results
In total, 1,234 questing ticks were collected, consisting of three species. A single Amblyomma americanum (L.) adult female was collected from a person at a campground in Ramsey County. All other questing ticks collected were either D. variabilis (83%) or I. scapularis (15%). All D. variabilis ticks (n ϭ 1,014) were adults (56% female and 44% male), whereas questing I. scapularis (n ϭ 191) were composed of larvae (65%), nymphs (15%), and adults (8% female and 11% male). The large number of questing I. scapularis larvae resulted from two clusters of 104 and 20 hatchlings each, collected at the same campground where the A. americanum female was collected. Questing D. variabilis were collected from all counties except Billings County (Fig. 1) . Abundance of questing D. variabilis was greater in northeastern counties. Questing I. scapularis were collected from the north-eastern counties of Eddy, Grand Forks, Pembina, Ramsey, and Steele counties.
Nine species of small mammals were trapped over the course of 407 trap-nights. Six species harbored ticks (Table 3) . No ticks were found on Blarina brevicauda (n ϭ 5), Microtus montanus (n ϭ 1), or Tamias striatus (n ϭ 1). Overall prevalence of tick ectoparasitism was signiÞcantly greater for M. gapperi (91%) than for Peromyscus (52%; FisherÕs exact test, P Ͻ 0.05). This was largely because of the greater prevalence of D. variabilis on M. gapperi (78% with larvae, 65% with nymphs, and 87% with both life stages) versus Peromyscus sp. (34, 10, and 41%, respectively; FisherÕs exact test, P Ͻ 0.005). There were no signiÞcant differences in the prevalence of ectoparasitism by larval or nymphal I. scapularis on M. gapperi (43 and 17%, respectively) versus Peromyscus (24 and 7%, respectively). However, when combining larval and nymphal stages, prevalence of parasitism by immature I. scapularis was signiÞcantly greater for M. gapperi (52%) than for Peromyscus (24%; FisherÕs exact test, P ϭ 0.047). Intensity of tick ectoparasitism (i.e., number of ticks per parasitized host) did not differ between Peromyscus and M. gapperi with respect to D. variabilis larvae or nymphs, or to I. scapularis nymphs (Wilcoxon ranksum tests, P values Ͼ0.13). However, parasitized Peromyscus harbored signiÞcantly more I. scapularis larvae than did parasitized M. gapperi (Wilcoxon rank-sum test, P ϭ 0.047; Table 3 ).
I. scapularis ticks were collected in six of the nine counties surveyed ( Fig. 1; Table 3 ). In two counties, all lifestages were present, indicative of established populations. Pathogen-infected I. scapularis ticks were found only in Grand Forks County. Three (3%) of 92 I. scapularis were positive for B. burgdorferi; 2 questing adults and 1 nymph parasitizing Zapus hudsonius. Eight (8%) of 94 I. scapularis were positive for A. phagocytophilum; 6 questing adults, 1 nymph parasitizing M. gapperi, and 1 nymph parasitizing Z. hudsonius (ϭalso positive for B. burgdorferi, i.e., a dually infected tick). No I. scapularis (Table 4) . When PCR products were sequenced, all 56 sequences aligned with Ͼ99% consensus for R. montanensis ompA gene, indicating that rickettsial infections were all comprised of the same species.
Discussion
The most abundant and wide-spread tick was D. variabilis. Although D. variabilis is a known vector of Rocky Mountain spotted fever (RMSF), the etiologic agent Rickettsia rickettsii, was not detected. However, a small percentage of D. variabilis (4%) harbored R. montanensis, a spotted fever group rickettsia of unknown pathogenicity. Preexisting infection of D. variabilis with R. montanensis has been shown to block transovarial transmission of another, secondarily acquired rickettsial species (Macaluso et al. 2002) . This type of "rickettsial competitive exclusion" by nonpathogenic rickettsiae may prevent establishment of pathogenic R. rickettsii within vectors (Burgdorfer et al. 1981) . This may explain in part why, despite a high abundance of vectors, the incidence of RMSF in North Dakota is very low (only 8 cases between 2000 and 2013; www.ndhealth.gov/disease/tickborne).
The established range of A. americanum is generally restricted to the southeastern United States (http:// www.cdc.gov/ticks/geographic_distribution). The discovery of a single A. americanum in a recreational area frequented by out-of-state visitors does not provide evidence of established populations of this tick species.
Established populations (i.e., all lifestages) of I. scapularis were found in the northeastern part of the state. This represents an expansion of the predicted range for this tick species (Guerra et al. 2002 , DiukWasser et al. 2012 and is of concern because of the ability of this tick species to transmit various diseasecausing agents. Small numbers of I. scapularis were found in Grand Forks County infected with B. burgdorferi (3 of 50) and A. phagocytophilum (8 of 52; Table  4 ). In the past, Lyme disease in North Dakota was rare and often attributed to infections acquired elsewhere (e.g., vacationers returning from Minnesota). However, the incidence of Lyme disease has steadily increased since 2007. Most (78%) of the 151 cases during that time were from eastern counties where our survey suggests that Lyme disease and anaplasmosis can be acquired locally. Whether or not Ixodes-borne diseases in North Dakota will continue to increase over the next decade will depend on 1) continued inßux of people into the state, 2) continued spread of the vector, and 3) the local ecology of enzootic transmission. Two rodent species comprised the bulk (Ͼ80%) of small mammals trapped in northeastern North Dakota; the classic reservoir, Peromyscus mice and M. gapperi voles. M. gapperi is a boreal species reported infrequently from other Lyme disease-endemic regions. In our survey, M. gapperi were nearly as abundant as Peromyscus and were more frequently parasitized by immature I. scapularis ticks (Table 3) . Although M. gapperi has been shown to be susceptible to B. burgdorferi infection by needle inoculation (Bey et al. 1995) , its ability to infect ticks (i.e., reservoir competency) is unknown. Thus, the relative role that M. gapperi plays in perpetuating (or diluting) the enzootic maintenance of 
